Abstract. The content and composition of essential oils in leaves of Mentha × piperita L., M. spicata L., M. arvensis L., and M. longifolia (L.) Huds. from Estonia were investigated using hydrodistillation and GC-MS analyses. Some chemosystematic markers for the identification of Mentha species are presented. The essential oil yield of the studied species was 2.4-3.0%, 0.9-2.3%, 0.9-1.4%, and 0.7-2.5%, respectively. From the isolated essential oils, 75, 89, 67, and 69 compounds were identified and quantitatively evaluated, representing 92.2-99.5% of the total oil. The main constituents of M. × piperita oils were menthol (26.4-47.7%) and menthone (13.6-31.9%); the ratio of their content was usually between 1 and 3. Four chemotypes of M. spicata were determined: rich in carvone (62.1-67.4%), rich in piperitenone oxide (61.9%), rich in α-terpinyl acetate + trans-β-caryophyllene (61.9% and 11.4%, respectively), and rich in acetic acid,1-methyl-1-(4-methyl-5-oxo-cyclohex-3-enyl) ethyl ether (6.5%). The last two chemotypes were determined for the first time. Only the essential oils of M. arvensis were found to contain trans-1-octen-3-ol (3.8-7.7%) and neryl propionate (2.4% in both samples). Good chemosystematic markers for M. arvensis were also trans-(16.0-19.1%) and cis-β-ocimene (16.0-20.5%). The ocimene-rich chemotype was found by us for the first time. The chemosystematics of M. longifolia was found to be the most complicated, as many chemotypes have been determined by us and several other authors. In this study, a high concentration of carvone (51.4-57.6%) was characteristic of all analysed M. longifolia samples.
INTRODUCTION

*
Several species of the genus Mentha are cultivated worldwide for the pharmaceutical, perfume, cosmetic, and food industries. Mints are characterized by great morphological variation, reflected in the high number of different taxonomic rank names. Recent studies conducted on the basis of morphological, cytological, and chemical markers have revealed that the genus Mentha consists of 18 species and includes 11 named hybrids (Krzyzanowska et al., 2011) . The findings of our earlier study showed that the qualitative and quantitative content of different groups of terpenoids could be used in the chemosystematics of plant species (Orav et al., 2011a) . Commercially, the most important mint species are Mentha × piperita L. (peppermint), Mentha spicata L. limonene 1.0-5.0%, cineole 3.5-14.0%, menthone 14.0-32.0%, menthofuran 1.0-9.0%, isomenthone 1.5-10.0%, menthyl acetate 2.8-10.0%, isopulegol -maximum 0.2%, menthol 30.0-55.0%, pulegone -maximum 4.0%, and carvone -maximum 1.0%.
The content of M. × piperita oil and its composition have been widely studied also during the last three years (Schmidt et al., 2009; Sokovic et al., 2009; Bassole et al., 2010; Dolzhenko et al., 2010; Hussain et al., 2010a; Kizil et al., 2010; Zheljazkov et al., 2010b) . The chief components of oil are menthone (11-46%), menthol (2-40%), isomenthone (1-16%), menthyl acetate (0.3-9%), pulegone (0.1-13%), piperidone (1-6%), limonene (1-6%), 1,8-cineole (0.4-6%), etc. (Orav et al., 2004) .
Also the composition of M. spicata essential oil has been studied well by several authors, resulting in identification of different chemotypes (Edris et al., 2003; Chauhan et al., 2009; Mkaddem et al., 2009; Sokovic et al., 2009; Hussain et al., 2010a Hussain et al., , 2010b Kizil et al., 2010; Koliopoulos et al., 2010; Telci et al., 2010; Zheljazkov et al., 2010a Zheljazkov et al., , 2010b Şarer et al., 2011) . The major components identified in the oil of Mentha arvensis are menthol, p-menthone, isomenthone (Rao, 1999; Rao et al., 1999 Rao et al., , 2000 Pandey et al., 2003; Hussain et al., 2010a Hussain et al., , 2010b Prasad et al., 2010) . Menthone, menthol, pulegone, menthofuran, and other terpenes have been found to be principal constituents of Mentha longifolia (L.) Huds. (horse mint) from different countries and their chemo-geographical variation has been described by several authors (Viljoen et al., 2006; Asekun et al., 2007; Hajlaoui et al., 2008 Hajlaoui et al., , 2009 Singh et al., 2008; Gursoy et al., 2009; Kakhky et al., 2009; Mkaddem et al., 2009; Hussain et al., 2010a; Koliopoulos et al., 2010) .
Most Mentha species are characterized by great morphological variation, reflected in the high number of different taxonomic rank names. In spite of the rather stable qualitative oil composition of cultivated mints, in most wild-growing Mentha species a great chemical diversity is observed (Mimica-Dukic and Bozin, 2008) . The findings of our earlier study showed that the qualitative and quantitative content of different groups of terpenoids could be used in the chemosystematics of plant species (Orav et al., 2011a) .
The aim of the present study was to find chemosystematic markers for the identification of Mentha species.
EXPERIMENTAL
Plant material
The content and composition of essential oils hydrodistilled from leaves of Mentha × piperita, Mentha spicata, Mentha arvensis, and Mentha longifolia cultivated or growing naturally in Estonia was studied. All leaves of cultivated or wild Mentha species studied were collected from July to August 2011 from different locations in Estonia (Table 1) . A herbarium of the collected plant species was made. The plant material 
Hydrodistillation of essential oil
The essential oil was isolated from dried plant material using the distillation method described in the European Pharmacopoeia (2010) . To take up the essential oil 20 g of the whole drug and 0.50 mL of xylene were used. Distillation time was 2 h at a rate of 3-4 mL/min.
Analysis of essential oils
Capillary gas chromatography (GC-FID)
The essential oils were analysed using a Chrom-5 chromatograph (Laboratorni Pristroje Praha, Czech Republic) with a flame ionization detector (FID) on two fused silica capillary columns with two stationary phases: poly(5%diphenyl-95%dimethylsiloxane) (SPB TM -5, 30 m × 0.25 mm, Supelco, Switzerland) and polar polyethylene glycol (SW-10, 30 m × 0.25 mm, Supelco, Switzerland). The film thickness of both stationary phases was 0.25 µm. Carrier gas helium (purity > 99.999%), with a split ratio of 1 : 150 and flow rate of 30-35 cm/s, was applied. The temperature program was from 50 to 250 °C at 2 °C/min, the injector temperature was 250 °C. A Clarity Lite chromatography station (DataApex Ltd, Czech Republic) was used for data processing.
The components of the oils were identified by comparing their retention indices (RI) on two columns to the RI values of reference standards (from Sigma), to our RI data, and to literature data (Davies, 1990; Zenkevich, 1996 Zenkevich, , 1997 Zenkevich, , 1999 . The results obtained were confirmed by GC-MS.
The percentage composition of the oils was calculated using the normalization method without correction factors. The relative standard deviation of the percentages of oil components in three repeated GC analyses of the single oil sample did not exceed 5%.
Gas chromatography/mass spectrometry (GC-MS)
GC-MS analysis of samples was carried out using a GCMS-QP2010 (Shimadzu, Japan) on a fused silica capillary column (30 m × 0.32 mm) with a bonded stationary phase: poly(5%-diphenyl-95%-dimethyl) siloxane (ZB-5, Zebron). For further details, see .
RESULTS AND DISCUSSION
Content of essential oils
The yield of essential oil from different M. × piperita samples varied in the range of 0.1-3.0% (Table 2 ) and corresponded to the EP standard. As a comparison, in our earlier study, peppermint cut drugs from several countries contained 0.8-3.3% essential oil (Orav et al., 2004) . The content of essential oil in M. spicata was 0.9-2.3%, in M. arvensis 0.9-1.4%, and in M. longifolia 0.7-2.5%. The oil yield from the leaves of other mints can be similar or even higher than that of M. × piperita, for example 2.9-3.2% in M. spicata (Edris et al., 2003; Şarer et al., 2011) . According to Hussain and co-authors (2010a) , M. × piperita contains 1.1-1.2%, M. spicata 1.0-1.2%, M. arvensis 0.9-1.7%, and M. longifolia 0.7-1.1% of essential oil.
Previously we found much more significant differences between the minimum and maximum yields of essential oils: 17-fold in Coriandrum sativum (Orav et al., 2011b) , 16-fold in Levisticum officinale ), 14-fold in Thymus serpyllum (Paaver et al., 2008) , and 10-fold in Chamomilla recutita , collected or obtained as commercial samples from different retail pharmacies in various countries. Over years, the variance of oil yield in Juniperus communis branches was 14-fold . Therefore, instead of the content of essential oil, the yield of terpenoids should be the basis of the chemosystematics of the genus Mentha. Moreover, the content of oil can be affected by several factors such as climatic and vegetation variations.
Compositon of essential oils
Up to 75, 89, 67, and 69 compounds were identified and quantified in the oils isolated from M. × piperita, M. spicata, M. arvensis, and M. longifolia, representing 92.2-99.5% of the total oil ( Table 2) .
The M. × piperita oil samples studied contained 26.4-47.7% menthol. Menthol is mentioned as the main constituent of peppermint oil also by many other authors (Stojanova et al., 2000; Rohloff et al., 2001; Pino et al., 2002; Schmidt et al., 2009; Sokovic et al., 2009; Bassole et al., 2010; Dolzhenko et al., 2010; Hussain et al., 2010a; Kizil et al., 2010; Zheljazkov et al., 2010b) . In our previous study, the essential oil composition of peppermint samples sold in pharmacies was determined. Samples from Estonia (n = 2) contained 31.6-35.8% menthol. Herbs from France, Hungary, Belgium, Ukraine, Greece, and Russia contained menthol respectively 31.3%, 37.2%, 17.6%, 24.4%, 39.5%, and 1.5% (Orav et al., 2004) . Thus, it may be concluded that other mint species are sometimes sold as M. × piperita. Menthone, the second main constituent of M. × piperita oil, can also be used in the chemosystematics of peppermint. The oil of the M. × piperita sample from Pangodi village contained menthone even above the EP limit (32%). Menthone and menthol were the typical components of peppermint oils and can be used as chemical markers. The ratio between their content according to our current study was 0.05-3.4, but usually 1-3; the same ratio was found in our previous (Orav et al., 2004) and other studies (Pino et al., 2002; Schmidt et al., 2009; Sokovic et al., 2009 ). According to Rohloff and co-authors (2001) , changes in menthone-menthol metabolism are related to reduced menthone content from the vegetative stage to full bloom.
Four chemotypes of M. spicata were found: rich in carvone (samples 1, 2, and 14; see Table 2 ), rich in piperitenone oxide (sample 3), rich in α-terpinyl acetate and trans-β-caryophyllene (both in sample 9). Acetic acid,1-methyl-1-(4-methyl-5-oxo-cyclohex-3-enyl) ethyl ether was determined only in sample 9. The studied oils of M. × piperita contained only low concentrations of carvone, piperitone oxide, and germacrene D, while α-terpinyl acetate was not present in these oils. Carvone was found to be one of the main constituents of M. spicata oils also in other studies: carvone alone or carvone and limonene by Edris et al. (2003) , Chauhan et al. (2010) , Hussain et al. (2010a Hussain et al. ( , 2010b , Zheljazkov et al. (2010a) ; carvone and 1,8-cineole by Mkaddem et al. (2009) and Şarer et al. (2011) . In addition, piperitone oxide and limonene (Koliopoulos et al., 2010) or pulegone and piperitone (Telci et al., 2010) were established as their main constituents. Only traces of menthone and menthol were present to a maximum of 0.1% in the spearmint oils analysed by us. However, M. spicata oil may sometimes contain remarkably high amounts of menthone or menthol but not both simultaneously. Hence, we found two new chemotypes of spearmint: rich in α-terpinyl acetate + trans-β-caryophyllene and rich in acetic acid,1-methyl-1-(4-methyl-5-oxocyclohex-3-enyl) ethyl ether. In addition, the M. spicata oils were found to contain more myrcene than other mint oils studied by us.
The presence of trans-1-octen-3-ol and neryl propionate was specific only to essential oils from M. arvensis (Table 2) . Good chemosystematic markers for M. arvensis were also trans-and cis-β-ocimene, both being present in the concentration of 16% and more. This mint species contained also significantly more β-pinene and α-pinene, as well as 1-octen-3-ol than other mint species studied. In other studies (Rao, 1999; Rao et al., 1999; Pandey et al., 2003; Hussain et al., 2010a; Pandey et al., 2010; Prasad et al., 2010) menthol was determined as a principal compound of M. arvensis oil but cis-β-ocimene was not found. The ocimenes-rich M. arvensis chemotype was determined by us for the first time.
The present study showed that carvone should not be considered as a specific chemosystematic marker for M. spicata carvone-chemotype because carvone was found also in the oils of M. longifolia, whose chemosystematics is most complicated. In two samples out of four (Nos 10 and 11, collected from the same place) rather high concentrations of germacrene D with α-muurolene, limonene with 1,8-cineole (samples 5, 10, and 12), and trans-β-caryophyllene (samples 10 and 11) and less trans-dihydrocarvone (samples 5 and 12) and piperitone (samples 10 and 11) were found. Other authors identified the mentofuran-rich (Viljoen et al., 2006) , piperitone oxide-rich (Hussain et al., 2010a) , cispiperitone oxide and piperitenone oxide-rich (Viljoen et al., 2006; Singh et al., 2008; Kakhky et al., 2009 ), menthone-rich (Asekun et al., 2007) , menthone, menthol, and pulegone-rich (Hajlaoui et al., 2008) , pulegone-rich (Mkaddem et al., 2009 ), carvone and limonene-rich, piperitenone oxide and 1,8-cineole-rich (Koliopoulos et al., 2010) chemotypes of M. longifolia. The oils of M. spicata contained much more myrcene (2.3-5.5%) than M. longifolia (0.6-0.9%). Quite large amounts of menthofuran were found in M. × piperita oils and a very low concentration in one M. longifolia sample (No. 11) from four. Hence, the chemosystematics of M. longifolia based on the terpenes composition seems to be rather complicated. Phenolic compounds may probably be better chemical markers for M. longifolia and M. × piperita. Krzyzanowska and co-authors (2011) showed that all their samples of M. × piperita had higher concentrations of ester of caffeic acid and 3,4-dihydroxyphenyllactic acid than M. longifolia samples.
The main results of our study are presented in Table 3 . 
CONCLUSION
The content and composition of essential oils hydrodistilled from four Mentha species cultivated or growing naturally in Estonia were studied. Some specific chemosystematic markers for their identification are presented. The markers found in the oils studied by us should also be evaluated in a larger number of mint samples and in other mint species.
